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Experiments  were  conducted  in  which  NaN02>  Na^O^  and  N(C2H^OH)3  were  added 
to  cold  concrete  to  prevent  freezing  and  promote  strengthening.  NaN02  was 
added  in  an  amount  equal  to  13.3%  of  the  water  content  of  the  concrete,  and 
Na2S0^  and  N(C2H^OH)3  in  amounts  equal  to  3%  and  0.03%,  respectively,  of  the 
cement  content.  The  concrete  was  kept  from  freezing  at  -10°C  and  the 
strength  Increased  to  over  60%  of  the  design  strength  after  28  days  and 
80%-90%  of  the  design  strength  after  three  months.  If  this  type  of  additive 
is  used  under  positive  temperature  conditions 
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1.  Introduction 

In  the  northern  regions  of  our  nation,  there  are  from  several  to  over 
6 nonths  each  year  during  which  cold  temperature  condition*  prevail  and 
during  which  time  progress  an  basic  construction  wort  and  the  scale  of 
operations  are  greatly  limited,  since  the  sstablishaent  of  the  nation, 
under  the  guidance  of  Chairman  Mao's  revolutionary  line,  we  have  adopted 
various  Methods  for  winter  construction  on  the  battlefront  of  basic 
construction  and  have  amassed  definite  practical  experience  concerning  it. 
of  these,  cold  concrete  mixed  with  chlorates  has  been  widely  used  in 
industrial,  civil  construction , harbor,  railroad  and  bridge  construction 
projects  and  in  mins  construction.  However,  because  of  interference  and 
sabotaqe  attributable  to  the  counterrevolutionary  revisionist  line  of 
Liu  Shaoqi  and  of  the  influence  of  the  doctrine  of  slavish  imitation  of 
the  Ms st,  the  problem  of  rusting  and  corrosion  of  steel  bars  in  cold 
concrete  containing  chlorates  was  not  solved  and  the  method  ceased  to  be 
used. 

Under  the  Impetus  of  the  Great  Proletarian  Cultural  Revolution,  the 
workers,  cadres  and  scientific  research  personnel  of  our  institute,  with 
class  struggle  as  our  guide , resolutely  supported  the  Party  Line,  carried 
out  open-door  management  of  scientific  research,  and,  "breaking  away  from 
foreign  models,  took  our  own  independent  course  of  industrial  development." 
In  order  to  develop  a cold  concrete  hardening  additive  suited  to  conditions 
in  our  nation,  we  engaged  in  experimental  reeearch  wort  and  propoeed  using 
NaMC2  as  an  antifreeze  agent  in  an  NaN02-Na2S04  combined  additive  for 
cold* concrete . Good  results  were  obtained  when  this  was  put  into  use. 

This  paper  represents  a summary  of  the  results  of  several  years  of 
experimental  work.  Because  of  our  low  level  of  ideological  awareness  and 
technical  skill,  we  would  welcome  the  criticisms  and  corrections  of  our 
comrades  in  respect  to  points  of  inadequacy  in  our  wort. 


2.  Basic  Theory  of  Hardening  of  Cold  Concrete 

The  major  factor  affecting  construction  with  concrete  during  winter 
is  temperature . we  have  no  control  over  natural  changes  in  atmospheric 
temperature.  The  best  that  we  can  do  is  to  prevent  or  diminish  the 
freezing  of  the  water  in  the  concrete  by  scientific  means  on  the  basis 
of  changes  in  atmospheric  temperature  in  order  to  maintain  a liquid  phase 
and  thus  facilitate  continuous  hardening  of  the  concrete. 

Water  freezes  at  0*  C.  However,  when  any  soluble  substance  is  added 
tb'Water,  the  vapor  pressure  of  the  solution  is  decreased,  with  the  result 
that  the  freezing  point  of  the  solution  is  lowered.  According  to 
Lavoisier's  law,  the  temperature  at  which  ice  begins  to  separate  out 
(freezing  point)  in  an  aqueous  solution  of  electrolytes  is  directly 
proportional  to  concentration  and  inversely  proportional  to  the  molecular 


weight  of  the  solute.  It  is  also  related  to  the  number  of  ions  and  tne 
degree  of  dissociation . 

■Riis  becomes  even  more  evident  when  a graph  of  the  temperature 
components  of  a simple  binary  (water  - NaMOj)  system  is  used  to  study  the 
prooess  of  the  fraesing  of  water  in  an  aqueous  solution  of  Mal»2  «**  the 
basis  of  physicochemical  theory.  If  we  assume  that  the  original  concentration 
of  the  solution  is  lower  than  the  concentration  of  the  eutectic  temperature 
correspondence  (i.e.,  the  antifreese  agent  is  dissolved  in  the  water  with 
a large  amount  of  water  and  a small  amount  of  solvent)  .and  if  we  do  not 
consider  supercooling  of  the  solution,  then  the  relationship  between 
f rearing  temperature  end  weight  concentration  is  as  indicated  in  Figure  1. 


sample,  the  original  concentration  of  the  NaNO^  solution  is  C 
o^erature  is  T.  The  coordinates  of  the  graph  meet  at  point  P 
cause  the  heat  of  the  solution  is  dissipated,  the  temperature 
When  the  temperature  decreases  to  the  freesing  point  AT 
as  at  M)  of  the  solution,  ice  begins  to  separate  out  from  the 
If  the  temperature  continues  to  fall,  the  quantity  of  ice 
’ out  increases,  the  quantity  of  water  decreases,  the  cancentr 
utian  increases  and  the  freesing  point  of  the  solution  decree 
the  coordinates  of  the  solution  1a  the  te^puatun  component 


graph  move  along  tha  curve  AE.  At  this  time,  each  temperature  of  the 
solution  corresponds  to  a single  component  (or  concentration) . Bach 
concentration  corresponds  to  a single  freesing  point.  When  the  temperature 
has  decreased  to  a certain  point,  i.a.,  to  point  B (at  the  corresponding 
te^erature  T.  and  the  corresponding  equilibrium  concentration  C.) , the 
solvent  (water)  and  the  solute  together  fora  a solid  solution  which 
separates  out.  Point  S is  the  minimum  eutectic  point  of  this  system  and 
T#  is  the  min < hum  eutectic  temperature  of  the  solution.  The  results  of 
measurements  and  tha  data  both  confirm  that  the  minimum  eutectic  temperature 
of  NaN02  is  -19.6*  C.  C,  is  the  minimum  eutectic  cpncentraticn  of  the 
solution.  Whan  the  temperature  of  the  solution  is  higher  than  the  freesing 
point  AT  of  the  solution,  ice  does  not  separate  out  (the  coordinates  being 
in  region  I of  the  graph) . when  the  temperature  is  lower  than  the  minima 
eutectic  temperature  E,  all  of  the  water  in  the  solution  goes  into  solid 
phase  and  separates  out  (region  XV) . When  the  temperature  falls  between 
the  freezing  point  AT  and  the  minimum  eutectic  temperature  E,  the  water 
in  the  center  of  tha  solution  forma  into  ice  and  separates  out,  while  the 
remainder  of  the  water  stays  in  the  liquid  phase  (region  XX  and  region  XXX) . 

On  the  basis  of  the  preceding  analysis,  the  physicochemical  charac- 
teristics of  freezing  of  the  water  in  cold  concrete  and  of  tha  water  in 
ordinary  concrete  are  obviously  different,  the  freezing  temperature  of 
the  watar  in  cold  concrete  having  to  be  far  lower  than  that  at  which  pure 
water  freezes.  In  addition,  the  concentration  of  the  solution  in  tha  cold 
concrete  is  not  a constant.  As  the  atmospheric  temperature  decreases, 
the  concentration  of  the  solution  undergoes  corresponding  changes  and  the 
freezing  point  also  gradually  decreases.  On  the  basis  of  the  minimum 
eutectic  temperature  of  MaNO^,  -19.6*  C,  the  cold  concrete  can  harden 
within  a range  within  -19 .6*  c.  However,  when  the  quantity  of  NaNO.  mixed 
in  exceeds  the  amount  of  water  used  in  the  concrete  by  13.3%,  the  development 
of  strength  is  greatly  retarded,  and,  when  it  exceeds  the  amount  of  water 
used  by  33.5%,  at  -15*  C.  7 days  are  required  for  condensation.  This  is 
not  satisfactory  in  actual  construction  work.  Thus,  it  is  necessary  to 
control  the  content  suitably  on  tha  basis  of  the  lews  for  increasing 
strength  and  to  confirm  the  range  of  the  hardening  temperatures.  For  this 
reason,  controlling  tha  freezing  point  of  the  solution  in  the  concrete  to 
between  -8*  C and  8.5*  C,  thus  assuring  that  most  of  the  water  will  remain 
in  the  liquid  phese  and  allowing  a small  amount  of  it  to  freeze,  is  the 
basis  for  the  capacity  of  cold  concrete  containing  NaNOj-Na^SO^  combined 
additive  to  promote  continuous  hardening  without  freezing  damage  at 
conditions  under  -10*  C. 


3,  Research  on  MaNO,-We-SO.  Combined  Additive 

— — — 2 — 2 - 4 ““““ 

(1)  Materials  used  in  the  experiments 

1.  Cement:  No.  500  ordinary  silicate  cement  produced  in  Harbin. 
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2.  Sand:  Mediisa  river  sand. 

3.  Rock:  1-3  an  rim  currant  rock. 

4.  n*no_,  : HG- 526-6 7 second  grada.  Saa  Table  1 for  indices . 

External  appearance:  Light  yellow  white  crystals. 

5.  NSjSO^:  SC-520-67  2nd  or  3rd  grades  for  use  in  ordinary 

cenant.  1st  grade  for  prestressed  concrete.  See 
Table  2 for  indices.  External  appearance:  White , 
homogeneous  fins  grains.  ^2^0^  containing  water 
of  crystallization  should  be  converted  to  anhydrous 
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Table  1 

a)  Index  designation 

b)  Index 

c)  (calculated  on  dry  base) 

d)  Matter  not  soluble  in  water 

e)  Rot  specified 
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d) 

e) 
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Table  2 

a)  Index  designation 

b)  Index 

c)  1st  grade 

d)  2nd  grade 
a)  3rd  grade 


5.  Triethanolamine , H(C  H.OIllj:  Colorless  or  light  yellow  oily 
substance  exhibiting  high  alakinity  and  readily  soluble  in 
water. 


(2)  The  acticn  of  Mat  JO.  in  cement  and  concrete 

■ ■ ' — i ''  - i 

1.  Effectiveness  of  MaMO^  in  lowering  the  freezing  pcJnt 

In  order  to  ascertain  its  effectiveness  in  lowering  the  freezing  point, 
we  used  the  thermal  analysis  method  to  determine  the  freezing  points  of 
aqueous  solutions  and  concrete  containing  differing  amovmts  of  NaNO, . The 
results  of  the  determinations  are  shown  in  Table  3 and  Table  4. 

As  can  be  seen  from  a comparison  of  Table  3 and  Table  4,  NaM02  is  more 
effective  in  lowering  the  freezing  point  of  concrete  than  it  is  in  lowering 
the  freezing  point  in  aqueous  solutions.  This  is  because  NaNO,«  Na^SO^  and 
such  hydroxides  as  Ca(OH)2  have  a synergic  effect  in  the  liquid  phase  of  - 
concrete. 

Thus,  under  conditions  of  -10"  C,  when  fixed  amounts  of  HaNO,  are 
added  during  the  mixing  of  concrete,  it  is  possible  to  assure  that  the 
concrete  will  not  undergo  freezing.  When  the  liquid  phase  in  the 
concrete  reaches  the  freezing  ppint  at  this  time,  a small  amount  of  water 
is  allowed  to  freeze.  However,  this  does  not  damage  the  structure  of  the 
concrete  and  it  continues  to  increase  in  strength.  The  quantity  of  HaHO 
to  be  used, ,i.e. , the  optimum  amounts  to  be  mixed  in  under  fixed  cold 
conditions,  is  closely  related  to  the  design  strength  of  the  concrete, 
the  watcr-ash  ratio,  the  type  of  cement,  the  amount  of  cement  used  and 
the  maintenance  cold  temperature. 

2.  The  plasticizing  action  of  MaMO,  on  cement  and  concrete 

The  plasticizing  action  of  NaN02  aan  be  discussed  from  the  following 
four  standpoints.  The  experiments  were  conducted  at  +15*  C. 

(1)  Effects  of  WaHO^  on  cement  condensation  time 

As  can  be  seen  from  Table  5,  NaNO.  had  very  great  effects  on  cement 
condensation  time,  with  condensation  time  constantly  growing  longer  as  the 
quantity  added  was  increased.  When  it  was  combined  with  Ma2SO . , 
condensation  time  was  also  very  long. 
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rabl*  4.  Effects  of  Nario^  on  Freezing  point  of  Concrete 
»)  Marker  number /compounding  ratio 

b)  Relative  concentration  of  aqueous  solution (%) /cement  weight (%) 

c)  Slag  500#  cement  produced  in  Harbin 

d)  Freezing  point  (*C) 

«)  Ordinary  500#  cement  produced  in  Harbin 
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Tab  la 

5.  Effects  of  NaNO,  on 

Cement  Condensation 

a) 

% by  weight  of  additive 

o 

S 

3 

It 

b) 

Water-ash  ratio 

o) 

Initial  condensation 
hours  i minutes 

d> 

Final  condensation 
hours  i minute e 

•) 

Initial  - final 
hours  t minutas 

(2)  Affects  of  NaNO=  on  standard  consistency  of  cemeftt 

Cement  mortar  containing  6 to  8%  of  NaNO,  has  very  high  fluidity  at 
standard  consistency.  The  experiments  shown  In  Table  8 indicate  that 
Nal»02  not  only  prolongs  condensation  time  but  that  it  also  has  a good 
water-deereasing  effect.  At  standard  consistency,  water  is  decreased  by 
10  to  15*  as  compared  to  blank  cement  mortar.  This  serves  to  decrease 
the  anoint  of  water  used  in  cold  concrete  and  provides  conditions  for 
increasing  strength. 


. N.NO,£ 
a) 

b j 

% (%) 
cl 

Ct)  . 

HI 

V - 0 

0*245 

0 

10 

6 

0*216 

11*8 

10 

8 

0*208 

15*1 

10 

Table  6.  Effects  of  NaNOj  on  Standard  Consistency  of  Cement 

a)  Weight  (*)  of  NaO^  in  cement 

b)  Quantity  of  water  used  for  standard  consistency 

c)  Amount  of  decrease  in  water  (*) 

d)  Determination  temperature  (*C) 


(3)  Effects  of  .NaNO.  on  plastic  strength  of  cement 

In  order  further  to  clarify  the  effects  of  NaNO,  on  the  process  of 
hardening  of  cement,  we  used  the  needle  penetration  method  to  determine 
the  plastic  strength  of  the  NaWOj.  The  magnitude  of  the  value  for 
strength,  i.e. , initial  condensation  strength,  indicates  the 
characteristics  of  hardening  of  the  water  - cement  - Macro,  system  from  the 
time  mixing  is  begun  up  to  before  final  condensation.  From  the  relationship 
between  strength  and  condensation  time  it  is  possible  to  obtain  numerical 
reference  data  for  selecting  the  quantity  of  NaNO.  to  be  mixed  in  and  for 
assuring  pouring  time.  2 

As  can  be  seen  from  Figure  2,  an  NaNO.  content  of  less  than  2%  does 
not  have  any  effect  on  plastic  strength.  However,  when  the  amount  added 
is  increased,  plastic  strength  gradually  decreases  and  condensation 
is  constantly  prolonged.  The  pastic  strength  equilibrium  stages  in  the 
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li.  rr 

g)  *•#<'»'#> 


Figure  2.  Effects  of  NeNO^  on  Plastic  Strength  of  Concrete 

a)  Plastic  strength,  kg/cm2 

b)  Explanation 

c)  500#  cement  produced  at  [2  characters  illegible)  jiang. 

d)  Water-ash  ratio,  0.25 

e)  Ng  (poorly  legible] 

f)  (poorly  legiblel  10*  C 

g)  Time  (hours) 


figure  indicate  that  the  cement  particles  undergo  comparati vel y rapid  physical 
and  chemical  dispersing  effects,  during  which  time  the  rate  of  hydration  of 
the  eliminates  in  the  minerals  of  the  cement  is  retarded.  In  addition,  the 
liquefying  action  of  C3A  hydrates  on  NaNOj  increases  the  active  surface  of 
the  cement  particles  and  at  the  same  time  decreases  the  quantity  of  sdnarals 
that  have  not  reacted  with  the  water.  This  is  extremely  beneficial  to  the 
fommtion  of  cement  rock.  As  the  result,  the  compactness  of  the  concrvta  is 
greatly  increased.  This  is  confirmed  by  the  marked  increase  in  the  marker 
number  for  resistance  to  infiltration.  Consequently,  it  does  not  have  an 
unfavorable  effect  on  the  properties  of  cold  concrete. 

(4)  Effects  of  NaNO.  on  the  degree  of  collapse  of  the  concrete 

The  tests  shown  in  Table  7 indicate  that  NaNO.  has  marked  effect  on 
both  the  water-ash  ratio  and  degree  of  collapse  of  aon crate.  Under  venditions 
of  similar  compounding  ratios,  Na»»2  with  a water  content  of  13.3%  mixed  into 
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Table  7.  Effect*  of  NaNO,  on  the  Degree  of  Collepae  of  Concrete 

a)  Concrete  number 

b)  Compounding  ratio 

c)  % by  weight  of  NaNO_  in  cement 

d)  Degree  of  collapse  1cm) 

e)  Degree  of  work  (seconds) 

f)  Temperature  (*C) 

g)  No.  400 

h)  No.  200 


the  concrete  can  decrease  the  water-ash  ratio  to  0.05,  i.e.,  a decrease  in 
the  amount  of  water  used  of  about  10%.  Zf  the  water-ash  ratio  does  not 
change,  the  degree  of  collapse  can  increase  3 to  3 cm  and  can  even  increase 
to  over  10  cm.  This  serves  to  decrease  the  amount  of  water  used  in  carrying 
out  winter  construction  with  cold  concrete  and  also  provides  the  conditions 
for  sufficient  mixing  and  pounding  time. 

3y  means  of  the  foregoing  tests,  it  was  possible  to  ascertain  on  a 
preliminary  basis  that  NaNOj  i>  a comparatively  good  antifreese  agent  and 
that  it  is  also  un  agent  for  reducing  water  content  and  retarding 
condensation,  thus  having  a definite  plasticizing  action  on  concrete. 


(3)  ~>oa*  selection  of  NaNQ.,-Na?30a  combined  additive 


1.  Dose  selection  of  NaNO-, 

The  proper  amount  of  Natio,  to  he  mixed  Into  concrete  is  determined  by 
testing  both  at  positive  and  negative  temperatures.  In  the  tests, 
the  NaNO,  Is  first  dissolved  In  water,  and,  according  to  different  dose 
concentrations , concrete  with  water-ash  ratios  of  0«45  and  0*6  are 
compounded.  After  it  has  undergone  artificial  mixing,  shaking  and  formation, 
separate  samples  are  maintained  under  standard  conditions  at  normal 
temperature  and  in  a freezing  room  at  -10*  C.  Compression  strength  was 
determined  for  different  periods  of  cooling  and  was  compared  with  that  of 
ordinary  concrete.  Table  8 shows  the  test  results.  The  following  points 
can  be  ascertained  from  the  test  results. 

(1)  Under  conditions  of  +10  to  +15*  c,  an  NaNO  content  of  less  than 
5%  by  weight  of  the  cement  has  a definite  early  strengthening  effect.  When 
the  water-ash  ratio  is  0*45  and  when  the  NaNO.,  content  is  5%  by  weight  o* 
the  cement,  strength  110.8%  that  in  the  blank“samples  can  be  achieved  in  3 
days.  However,  after  14  days,  the  development  of  strength  slows  and  an 
early-strengthening  effect  is  not  evident  as  the  quantity  of  NaNO,  mixed  in 
is  increased.  By  the  28th  day,  there  is  a comparatively  great  loss  of 
strength. 

(2)  Under  conditions  of  -10»  C,  an  NaNO.,  content  of  6%  by  weight  of 
the  cemsnt  when  the  water-ash  ratio  is  0*45  results  in  some  slowing  of 
strength  in  3 days,  with  fairly  rapid  development  of  strength  after  7 
days.  By  the  28th  day,  strength  reaches  more  than  60%  of  that  in  the 
blank  testa.  An  NaNO,  content  of  8%  by  weight  of  the  cement  when  the 
watar-ash  ratio  is  0*5  is  comparatively  effective,  with  strength  reaching 
50  to  60%  of  that  in  blank  samples  by  28  days.  This  indicates  that  it  is 
suitable  to  use  Nsno2  as  an  antifreeze  agent  with  water  in  the  amount  of 
13. 3%  concrete  compounded  of  ordinary  silicate  cement  under  conditions  of 
-10*  C,  that  thi3  combination  can  prevent  early  freezing  of  the  concrete 
and  at  the  same  time  can  contribute  to  continuous  increase  in  its 
strength.  If  the  amount  of  NaNO,  mixed  in  is  not  sufficient,  the  freezing 
point  does  not  decrease  sufficiently  and  damacre  due  to  freezing  can  then  be 
sustained.  Addition  of  excess  amounts  of  NaNOj  is  not  beneficial  to 
strength  in  later  stages. 
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% by 

weight 

of 

NaNOo 

in 


Compression  strength  (kg/cm2) 


■temperature  **  positive  1 Maintenance  at  -10°  Q 


7 14 


days  days 


concrete,  compounding  ratio  0.45 


282*7 

215*3 

100 

100 

227*3 

45 

80*4 

20*9 

236*6 

38*7 

83*7 

17*9 

173*3 

39 

57*4 

18*1 

207*3 

30-3 

73*3 

14*1 

200#  concrete,  compounding  ratio  0.6 


•3 


23 


2.2  s 4.72 


,0  I 38,3  i . i 

125 

1U  1 Q7  1 • 1 

i 87“t  l 

86*5 

92*7 

97*2 

139*3 

171 

”96*5 

~96*6 

100  100  : 100  i 100 

I 


94  i 125*1 


60  i _I10_  j 132  _ 


1 

! 18*3 

| 56*3  : 96  143*4 

B 

mm 

j 34*3  , 49*4  62*7 

Note:  In  the  maintenance  at  10°  C columns,  the  blank  teat 
values  are  standard  maintenance  strengths. 


Table  8.  NaNO^  Dose  Selection  Tests 


1 


2.  Test  a combining  MaHOi  vith  Na^SO^,  NaCl,  Cad'?  and  Ma? 

As  can  bs  ascertained  from  the  preceding  discussion , NaN02  ^as  the 
defects  of  delaying  censnt  condensation  tins  and  lowering  strength  at  28 
days.  Tor  these  reasons,  we  had  to  search  for  an  early-strengthening  agent, 
which  when  combined  with  NaN02,  would  achieve  the  following  results:  Be 
able  to  provide  a good  early-strengthening  effect  in  the  early  stages;  promote 
rapid  growth  of  strength  at  negative  temperatures,-  contribute  to  rapid 
growth  in  strength  after  change  to  positive  temperatures,-  give  a loss 
of  strength  in  the  later  stages  not  exceeding  10%.  We  selected  the 
following  substances  for  these  teats. 

Na^SO^  (optimum  mixture  quantity  is  3%) 

NaCl , SaCl2  (amounts  to  be  added  limited  to  an  allowable  range 
of  1 - 2%) 

MaP  (optimum  mixture  quantity,  1.7%) 

M (CjH^OH) j (optimum  mixture  quantity,  0.55%) 

Each  of  these  substances  was  combined  with  6%  of  NaM02  and  comparisoss 
were  made  of  their  conditions  at  -10*  C,  of  percentages  of  blank  sample 
strength  reached  in  28  days  and  of  percentages  of  loss  of  strength  after  change 
to  positive  temperature.  Table  9 shows  the  results.  The  results 
obtained  from  these  combinations  indicate  the  following  points. 

(1)  Combining  KaN0_  with  Na.,S04  produced  the  best  results.  Strength 
was  comparatively  high  after  28  days  at  -10*  C and  loss  of  strength  after 
1 year  and  6 months  did  not  exceed  10%. 

(2)  single  combinations  of  NaCl,  CaCl^  and  Map  with  MaNO.  produced 
poor  results  in  all  cases.  However,  comparatively  good  results  were 
obtained  when  they  were  combined  with  Ma.SO.  at  the  same  time.  The  best 
results  were  obtained  with  NaP,  with  strength  after  28  days  at  -10*  C 
reaching  47%  of  blank  strength  and  with  almost  no  loss  of  strength  after 

1 year  and  6 months.  In  considsration  of  convenience  of  operations,  it  is 
disadvantageous  for  a combination  additive  to  be  too  complicated.  Therefore, 
we  did  not  use  combinations  consisting  of  more  than  three  types  of  additives 
with  MaNOj.  Although  MaCl  and  CaClj  were  of  definite  effectiveness,  their 
effects  were  not  particularly  evident  when  they  were  combined  singly  with 
MaMOj . Moreover,  it  is  not  advantageous  to  use  then  since  they  further  the 
danger  of  corrosion  and  rusting  of  steel  bars.  Combination  of  NaP  alone  with 
MaNOj  is  not  of  very  good  effectiveness,  whils  good  effects  are  achieved  when 
it  is  combined  with  NaNO-  and  Na^SO^.  However,  MaT  is  highly  toxic  and  costly 
an**  is  not  generally  used.  If  definite  protective  measures  are  taken  during 
operations  and  if  the  raw  materials  can  be  readily  obtained,  its  use  con  of 
course  be  considered. 

On  the  basis  of  the  foregoing  results,  we  decided  to  use  NaNO.  with 
N*2S04  to  compound  the  combined  additive  for  cold  concrete. 
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Notes:  1. 


2. 


In  the  blank  tests , standard  maintenance  was 
applied.  In  all  other  cases,  maintenance  was 
at  -10°  C and  the  cement  contained  0.03%  by 
weight  of  N(C2H40H)3. 

In  the  1 year  6 month  tests , the  sample  was 
maintained  at  -10°  C for  5 months,  after  which 
it  was  transferred  to  maintenance  at  +10  to 
+15°  C for  13  months. 


mos:  months 


Table  9.  Tests  of  Combinations  of  Na,SO. , Nad,  CaCl,  and  Mar  With 
NaNO-  24  2 


3. 


Teats  of  NaT>0?  - Ma?SOA  combined  additive 


In  order  to  determine  a scheme  for  combining  NjM02  41,(5  r»a2S04,  further 
studies  were  conducted  of  the  effects  of  ^2^04  and  triethanolamine  in 
sompoun dings  and  of  the  amounts  to  be  added. 

(1)  Effects  and  quantities  added  of  *ta?S04 

The  effects  and  aunounts  to  be  added  of  Ma2S04  were  determined  by  two 
experiments.  First,  tests  of  strength- increasing  effects  were  carried  out 
at  positive  temperatures  with  a 1 : 3 cement-concrete  mixture  having 
a water-ash  ratio  of  0.55.  After  that,  it  was  combined  with  6%  Wa»T0, . Then, 
the  strengths  of  concretes  with  water-ash  ratios  of  0*45  were  determined  for 
different  periods  of  cold,  being  maintained  at  +15*  C and  at  -10*  C,  in 
order  to  facilitate  determination  of  the  suitable  amounts  to  be  added  in. 

Table  10  indicates  that,  at  positive  temperatures,  the 
addition  of  Na2S04  alone  has  evident  early-strengthening  effects.  When 
the  % by  weight  added  was  3%,  strength  270%  of  that  under  blank  conditions 
was  obtained  in  3 days,  with  somewhat  greater  strength  being  achieved  after 
23  days. 
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Table  10.  Early-strengthening  Effects  of  Na2S04  at  +15*  C 


Table  11  and  Table  12  indicate  the  following  points.  When  ^3  SO  4 is 
combined  with  NaNO^,  a quantity  of  3%  is  satisfactory  in  terms  of  the  strength 
of  the  concrete.  In  3 days,  it  is  possible  to  achieve  a strength  47%  of  that 
at  28  days  under  blank  conditions,  an  increase  of  about  double.  As  contrasted 
with  the  results  of  tests  of  NaN02  alone  at  positive  temperatures  shown  in  Table 
8,  losses  in  strength  after  28  days  were  decreased  from  43  - 17%  to  11  - 8%. 
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T*bl«  11.  Cose  Selection  of  Sodium  Sul fata  When  Value  of  NaNO,  was 
Reid  Constant 


Maint.  temp.  ■ Maintenance  temperature 
Stand.  Maint.  - Standard  maintenance 


Trieth  = Triethanolamine 


Table  12.  Cose  Selection  of  Sodium  Nitrite  When  Value  of  Ha^SO^  vaa 
Held  Constant 

Maint.  temp.  ■ Maintenance  temperature 
Stand,  raaint.  » Standard  maintenance 
Trieth.  - Triethanolamine 


\s  can  be  seen  by  contrast  with  Table  9,  which  showe  findings  at  negative 
temperatures,  combining  Na2S04  with  NaN02  resulted  in  earlier  strengthening  than 
when  NaNO,  alone  is  used,  with  a comparative  increase  in  strength  at  7 day* 
from  17%  *o  32.5%.  At  the  same  time,  at  29  days  strength  reaches  over  60% 
of  that  in  the  blank  samples. 

from  a comprehensive  review  of  Tables  3,  9,  10,  11  and  12,  it  can  be 
ascertained  that  the  optimum  NaN02  content  for  cold  concrete  with  a water- 
ash  ratio  of  0*45  is  5%  and  that  the  optimum  UaN02  content  for  cold  concrete 
with  a water-ash  ratio  of  0«6  is  9%.  The  aqueous  solution  concentrations 
at  these  times  were  about  13.3%  and  the  f rearing  point  values  were  about 
-3.5*  C.  **»2304  was  of  very  little  effectiveness  in  decreasing  the  freezing 
point.  When  the  solution  concentration  was  2%,  the  freezing  point  was 
-0.6*  C,  and  when  the  solution  concentration  was  4%,  the  freezing  point  was 
-1.2*  C.  rroo  this  it  can  be  seen  that  the  NaNOj  is  the  principal  antifreeze 
agent  in  cold  concrete  and  that  the  Na2S©4  has  a definite  early-strengthening 
effect  in  cold  concrete  when  a liquid  phase  is  present.  As  the  result, 
continuous  increase  in  the  strength  of  the  concrete  can  occur  when  the  change 
is  made  to  maintenance  at  positive  temperature.  A content  of  2 to  3%  is 
quite  suitable. 

(2)  effects  cf  N (C?H40n) i 

We  made  a comparative  study  of  the  effects  of  triethanolamine  at  nega- 
tive temperatures  (-1C*  C) . "ftia  results,  which  are  shown  in  Table  13, 
indicate  the  following  points.  Combining  triethanolamine  with  NaNC>2  - 
Na2304  at  negative  temperatures  resulted  in  a definite  catalytic 
effect.  At  7 days,  strength  of  concrete  with  a water-ash  ratio  of  0-45 
could  be  increased  6%  and  strength  of  concrete  with  a water-ash  ratio  of 
0-6  could  be  increased  about  12%.  At  28  days,  strength  was  increased 
about  5%  in  both  cases.  Consequently,  it  is  beneficial  to  add  an  amount 
of  triethanolamine  of  0.03%  &y  weight  of  cement  to  cold  concrete.  However, 
if  suitable  conditions  are  not  present,  it  need  not  be  added. 
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% by  weight  of 
additive  in 
cement 
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temp. 
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Compression  strength  (kg/cmz) 
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1 

Table  13.  Combination  Teats  With  N(C-H.OH), 

2 4 3 

Maint.  temp.  - Maintenance  temperature 
Stand,  maint.  « Standard  maintenance 


4.  Characteristics  of  Strength  Development  of  Cold  Concrete 

(1)  Increase  in  strength  when  maintained  at  -10*  C 

1.  Maintained  at  -10*  C for  fixed  periods  and  then  maintained  at 
positive  temperatures  (+10  to  +15°  C) . Item  2 in  Table  14  shows  the  states 
of  increase  in  strength  of  cold  concrete  with  a water-ash  ratio  of  0*45. 

On  the  7th  day,  strength  was  31.9%  of  that  of  the  blank  test  sample  subjected 
to  standard  maintenance  and  on  the  28th  day,  strength  was  66.5%  of  that  of 
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the  blank  test  sample.  When  a transition  was  made  to  a positive  temoerature 
after  3 months,  in  one  month  it  was  possible  to  attain  a strength  74%  that 

of  the  blank  test  samples  given standard  maintenance ._  Eight  months  .after 

transition  to  positive  temperature  (1-year  strength)  strength  was  93.3% 
that  of  the  blank  test  samples  given  standard  maintenance,  with  loss  of 
strength  in  the  latter  phase  not  exceeding  10%.  Item  9 in  Table  14  shows 
the  characteristics  of  strength  increase  of  cold  concrete  with  a water-ash 
ratio  of  0.6.  Strength  at  3 days  was  17.9%  that  of  the  bl^k  test  samples 
given  standard  maintenance,  strength  at  23  days  was  91.6%  that  of  the  blank 
test  samples  given  standard  maintenance  and  strength  at  9 months  after 
transition  to  positive  temperature  following  the  3rd  month  (1-year  strength) 
was  96%  that  of  the  blank  test  samples  given  standard  maintenance,  with 
loss  of  strength  in  the  latter  period  not  exceeding  5%. 

2.  In  long-term  studies  at  -10°  C,  strength  at  6 months  was  found  to 
he  more  than  70%  that  of  the  blank  test  sairoles  given  standard  maintenance. 

As  can  be  seen  from  item  3 in  Table  14,  although  the  strength  of  cold 
concrete  kept  at  -10*  C for  prolonged  periods  continues  to  increase,  the 
increase  is  slow. 

3.  Item  4 in  Table  14  shows  the  state  of  increase  in  strength 
found  when  the  teat  samples  were  kept  for  long  periods  at  -10*  C and  also 
buried  in  the  earth  at  depths  of  20  to  30  mm.  As  can  be  seen,  strength  at 
1 month  was  73.5%  that  of  blank  test  specimens  given  standard  maintenance. 
Because  the  test  samples  were  buried  in  the  earth,  they  were  not  subjected 
to  the  impact  of  air  currents,  humidity  was  constant,  the  ice  in  the  test 
samples  could  not  readily  sublimate  and  the  liquid  phase  water  could  not 
readily  evaporate,  factors  which  were  favorable  for  the  occurrence  of 
hydration  in  the  cold  concrete.  ?or  these  reasons,  strength  was  10  to  20% 
greater  than  when  the  samples  were  introduced  directly  Into  conditions  of 
-10*  C. 

4.  Item  5 in  Table  14  shows  the  state  of  increase  in  strength  found 
when  the  test  samples  were  kept  for  long  periods  at  -10*  C and  when  the 
surfaces  of  the  test  samples  were  soaked  in  5%  sodium  methyl  silicate. 

The  sodium  methyl  silicate  was  a product  of  the  Jilin  Industrial  Chemicals 
Institute.  The  concentration  was  20%,  and,  when  it  was  used,  it  was 
prepared  as  a 5%  aqueous  solution  in  which  the  test  samples  were  soaked 
'•9160  this  was  done,  strength  at  1 month  reached  more  than  70%  that  of  the 
blank  test  samples  given  normal  maintenance  and  at  6 months  reached  75%  thfct 
of  blank  test  samples  given  normal  maintenance,  the  increase  in  strength  thus 
being  almost  the  same  as  that  obtained  for  test  samples  buried  in  the  earth. 
Sodium  methyl  silicate  is  capable  of  reacting  with  the  Ca(0H)2  separates 

out  when  hydration  of  the  cement  occurs,  producing  intense  adsorption  and 
crystallization.  The  reaction  products  adhere  well  to  the  surface  of  the 
concrete  and  do  not  dissolve  in  water  and  inorganic  salts.  As  the  result, 
imbedded  hydrophobic  films  are  formed  on  the  walls  of  the  pores  and  an  the 
walls  of  the  capillary  tubes  of  the  concrete,  thus  preventing  dehydration  of 
the  concrete  and  sublimation  of  the  ice  crystals  in  it  and  ensuring  that  the 
moisture  in  the  concrete  will  bring  about  satisfactory  hydration  of  tha  cement. 
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(2)  Increase  In  strength  under  maintenance  at  positive  temperature 

■The  test  results  are  shown  In  Items  6 and  9 In  Table  14.  Three-day 
strength  of  cold  concrete  with  a water-ash  ratio  of  0-45  was  103.3%  that 
of  the  blank  test  samples  and  at  2*  days  strength  was  91.4%  that  of  the 
blank  test  samples.  At  one  year,  it  was  103.5%  that  of  the  blank  test 
samples,  "diree-day  strength  of  cold  concrete  with  a water-ash  ratio  of 
0*6  was  157.5%  that  of  the  blank  test  samples.  At  23  days,  it  was  105.3% 
and  at  1 year  it  was  101.6%. 

< 

When  cold  concrete  is  maintained  at  positive  temperatures 
the  plasticizing  action  of  the  MaNOj  causes  increase  in  the  denseness  of  the 
concrete  and  the  strengthening  action  of  the  Ma3S04  and  »J  (C2?l40H)  3 not  only 
gives  a very  high  compression  strength  but  also" results  in  physical  and 
mechanical  properties  far  superior  to  those  of  the  blank  test  samples. 

Resistance  to  infiltration  in  particular  was  better  than  that  in  concrete 
containing  red3.  At  a water  pressure  of  30,  this  type  of  concrete  did 
not  have  any  rusting  or  corroding  effects  on  steel  bars. 

(3)  Effects  of  maintenance  temperature  and  time  on  growth  of  strength 

1.  Table  15  shows  the  effects  of  different  maintenance  temperatures  on 
the  growth  of  strength  of  cold  concrete.  As  can  be  seen,  at  3 days  there  is 
an  essentially  linear  relationship  between  strength  and  temperature,  with 
strength  increasing  rapidly  as  temperature  rises  and  increasing  more 
slowly  as  temperature  decreases. 

2.  The  higher  the  early-stage  maintenance  temperature  is  and  the  longer 
it  is  maintained,  the  more  rapid  will  be  the  growth  of  strength  of  cold 
concrete,  riaintenance  of  normal  temperature  for  a fixed  period  in  the 
early  stages  is  of  extremely  great  significance  for  the  strength  of  concrete. 

In  actual  operations,  this  can  be  achieved  by  raising  the  temperature  of  the 
mixture  or  by  adding  a covering  after  pouring.  Table  16  shows  the  effects 

of  early-stage  maintenance  temperature  and  time  on  the  strength  of  cold 
concrete . 
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Table  15.  Effects  of  Different  Maintenance  Temperatures  on  Growth  of 
Strength 
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Table  16.  Effects  of  Early-Stage  Maintenance  Temperature  on  Growth 
of  Strength 


-3,  one  day 
-10 , 3 months 
transfer  to 
positive  temperature 

3;  -3,  3 days 
-10,  3 months 
transfer  to 
positive  temperature 

C:  -3,  5 days 
-1C , 3 months 
transfer  to 
positive  temperature 


Os  -3,  7 days 
- 10 , 3 months 
transfer  to 
positive  temperature 

E:  -3,  14  days 
-10,  3 months 
transfer  to 
positive  temperature 

F:  -3,  28  days 
-10,  3 months 
transfer  to 
positive  temperature 
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(4)  Effects  of  differing  water-ash  ratios  on  strength 

The  water-ash  ratio  had  extremely  great  effects  on  the  strength  of 
cold  concrete.  Each  increase  in  the  water-ash  ratio  of  0-05  resulted  in 
a decrease  in  strength  of  30  to  40%.  The  28-di»y  strength  of  concrete 
with  a water-ash  ratio  of  0*4  was  over  60%  that  of  the  blank  test  samples, 
the  28-day  strength  of  concrete  with  a water-ash  ratio  of  0-5  was  about  80% 
that  of  the  blank  test  samples  and  the  28-day  strength  of  concrete  with  a 
water-ash  ratio  of  0.55  was  only  about  30%  that  of  the  blank  teat  samples. 

Thus,  it  can  be  seen  that  the  water-ash  ratio  has  very  great  effects.  If 
the  water-ash  ratio  is  too  great  and  the  original  amount  of  NaK02  is  added, 
then  freezing  damage  will  occur  at  -10*  C.  If  the  quantity  of  antifreeze 
agent  added  is  increased,  this  not  only  adds  to  the  expense  but  also  nay 
have  deleterious  effects  on  the  physical  and  mechanical  properties  of  the 
concrete. 

*or  this  reason,  when  cold  concrete  is  being  mixed,  the  water-ash 
ratio  should  be  rigorously  controlled  and  the  plasticizing  action  of  the 
HaNO-  must  be  taken  into  full  consideration.  As  low  a water-ash  ratio 
should  be  used  consistent  with  assuring  easy  workability.  Table  17  shows 
the  effects  of  differing  water-ash  ratios  on  the  strength  of  cold  concrete. 

(5)  Frozen  strength  of  cold  concrete 

From  our  study  of  the  development  of  strength  of  cold  concrete,  we 
discovered  that  although  its  early  strength  was  comparatively  low  its 
frozen  strength  was  comparatively  high.  The  reason  *or  this  was  that, 
when  NaN02  with  a water  content  of  13.2%  was  used,  the  freezing  point  fell 
to  -8  to  -8.5®  C,  the  difference  between  this  temperature  and  the  maintenance 
temperature  of  -ID®  C (-2  to  -1.5®  C)  resulting  in  a small  amount  of 
freezing.  In  order  to  ascertain  whether  frozen  strength  of  cold  concrete 
could  be  utilized  in  construction  under  fixed  conditions,  we  conducted 
tests  in  regard  to  the  characteristics  of  the  frozen  strength  and  the 
structural  strength  of  cold  concrete.  No.  200  cold  concrete  containing 
differing  amounts  of  NaN02  was  used  in  the  tests. 

10  x 10  x 10  cm  test  saimles  were  formed  at  positive  temperatures 
immediately  after  which  they  were  placed  In  a freezing  compartment  at 
-'.0®  C.  They  were  maintained  in  a cold  state  for  considerable  periods,  after 
which  they  were  removed  and  determinations  were  made  of  their  frozen  strength 
and  of  their  structural  strength  after  thorough  melting.  Observations  were 
made  of  the  relationships  between  these  strengths  and  the  quantities  of 
MaN02  used  for  differing  periods  of  cold  treatment.  In  addition,  determinations 
were  made  of  the  conditions  of  early  stage  frozen  strength  on  the  basis  of  the 
comparative  values  for  frozen  strength  and  structural  strength.  Table  18 
shows  the  results  of  the  tests  of  frozen  strength  and  structural  strength. 
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Table  18.  Relationship  Between  Frozen  Strength  and  Structural  Strength 
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The  tests  indicated  the  following  points. 


1.  The  early-phase  frozen  strength  of  the  cold  concrete  was  greater 
than  its  structural  strength.  As  maintenance  time  was  prolonged,  structural 
strength  gradually  approached  zero  and  the  comparative  value  for  frozen 
strength  and  structural  strength  gradually  approached  1. 

2.  When  the  maintenance  temperature  was  lower  than  the  originally 
designed  freezing  point  during  the  process  of  the  hardening  of  the  cold 
concrete,  ice  formed  within  the  interior  of  the  concrete  and  the  ice  content 
at  that  time  was  closely  related  to  the  MaKOj  content  and  the  frozen  strength. 
When  the  NaNO->  content  was  low  and  the  ice  content  was  high,  frozen  strength 
was  high,  when  the  Na*JC->  content  was  high  and  the  ice  content  was  low, 
frozen  strength  was  low.  When  the  amounts  of  'larlO->  added  were  6%  or  less, 
there  were  comparatively  high  comparatively  high  frozen  strengths  up  to  the 
7th  day,  whereas  frozen  strengths  were  greater  than  structural  strengths 
throughout  the  entire  period  after  the  14  th  day.  The  fact  that  the 
comparative  values  for  cold  periods  of  3 months  were  over  1.5  indicates 

that  the  difference  between  the  designed  freezing  point  add  the  maintenance 
temperature  was  comparatively  great,  that  the  concrete  was  subjected  to 
freezing  to  differing  degrees  and  that  the  structural  strengths  at  these 
tines  cannot  be  utilized.  When  the  amounts  of  TlaNOj  added  were  7 to  9%, 
there  were,  similarly,  comparatively  high  frozen  strengths  up  to  the  7th 
day.  However,  after  the  14th  day,  the  comparative  values  decreased  to  a 
comoarative ly  great  extent,  while  structural  strengths  increased 
comparatively  rapidly.  After  cold  periods  of  2 months,  the  comparative 
values  were  basically  similar,  indicating  that  the  dasiqned  freezing  points 
and  the  maintenance  temperatures  were  in  basic  conformance  with  each  other. 
Although  small  amounts  of  ice  were  present  within  the  concrete,  the  concrete 
did  not  suffer  any  damage  from  freezing.  Therefore,  there  was  a continuous 
growth  in  structural  strength  and  early-phase  strength  could  be  utilized. 

3.  When  the  freezing  point  and  the  maintenance  temperature  were  in 
conformance  with  each  other  under  maintenance  conditions  of  -10*  C and  when 
loss  of  strength  in  the  late  phase  is  guaranteed  to  he  less  than  10%  (see 
numerical  data  of  Items  2 and  8 in  Table  14) , early  phase  frozen  strength 
can  be  utilized. 


5 . Strength  ot  Cold  Concrete  in  Resisting  Damage  by  Freezing 

During  winter  when  construction  is  being  carried  out  under  extreme 
cold,  natural  air  temperature  is  usually  between  -20  and  -30*  C.  At  -10*  C, 
poured  cold  concrete  is  not  subject  to  damage  by  freezing  when  a long  time 
is  required  for  premaintenance . This  is  a major  parameter  in  cold  concrete 
construction  technology.  For  this  reason,  we  conducted  tests  on  strength 
in  resisting  damage  by  freezing.  In  the  tests,  we  used  Wo.  200  cold  concrete 
samples  with  water-ash  ratios  of  0*55  and  0*85.  After  artificial  mixing  and 
shake  formation  were  carried  out  under  normal  temperature  conditions,  the 
samples  were  omnediately  placed  in  a freezing  compartment  where  they  were 
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kept  for  periods  of  3,  5,  7 and  9 days  at  -10°  C.  Determinations  were  made 
of  compression  strength  in  each  case,  after  which  the  test  samples  that  had 
been  subjected  to  the  aforementioned  cold  periods  were  placed  separately  in 
freesing  compartments  at  -20*  C and  kept  at  that  temperature  for  2 davs. 
Determinations  were  made  of  their  compression  strengths,  after  which  they 
were  once  again  in  a freesing  compartment  at  -10*  C and  kept  at  that 
temperature  for  periods  of  25,  23,  21  and  19  days.  Determinations  were  made 
of  cold  29-day  strength.  The  remaining  test  samples  were  transferred  t > 
positive  temperatures  and  subjected  to  standard  maintenance  for  28  days. 
Determinations  were  made  of  normal  29-day  strength,  i.e.,  2-month  strength, 
and  their  strength  was  compared  with  that  of  the  2? -day  strength,  i.e., 
2-rconth  strength,  of  samples  kept  at  -10*  C.  Table  1<*  and  figure  3 show 
the  test  results. 


figure  3.  Strength  of  Cold  Concrete  in  Resisting  Damage  by  ^rearing 
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The  tests  indicate  the  following  points.  Lose  of  strength  decreaeed 
as  the  period  of  early-phase  maintenance  was  prolonged,  T*iere  was  almost  no 
loss  in  the  strength  of  cold  concrete  with  a water-ash  ratio  of  9»55  when  it 
wa3  kept  at  -10*  c for  ^ days,  frozen  for  2 days  at  -20*  C and  then 
maintained  at  -10*  C *or  21  days  or  in  the  strength  of  concrete  transferred 
to  positive  temperature  conditions  for  28  dav*.  T^ese  findings  were 
basically  similar  to  those  for  the  strength  of  concrete  maintained  at  -10*  C. 
This  indicates  that  cold  concrete  maintained  at  -10*  c *or  7 days  acquuires 
a strength  of.  25  kg/cn2)  i.e.,  that  it  can  withstand  a low  temperature  of 
-20*  C.  Cold  concrete  with  a water-ash  content  of  0**5  that  was  maintained 
at  -10*  C for  14  lays  could  withstand  a low  temperature  of  -20*  C without 
undergoing  damage.  *rom  the  curve  in  »iguro  3,  it  can  be  seen  that  the 
critical  strength  at  this  time  was  35  kg/cm2. 

figure  4 and  Figure  5 show  the  tost  curves  for  the  strengths  of  Mo.  2^0 
and  Mo.  400  cold  concrete  in  resisting  damage  by  freezing.  Tdie  abscissa  in 
the  figures  indicates  the  time  when  the  cold  concrete  was  transferred  from 
negative  temperatures  (aging  period  of  3 months)  to  positive  te^>erature. 

From  the  curves,  it  can  be  seen  that  strength  continued  to  increase  when  the 
cold  concrete  was  transferred  from  -20*  C to  -10*  C and  that  strength  increased 
rapidly  to  design  strength  when  it  was  then  transferred  to  and  maintained  at 
positive  temperature.  From  a comparison  of  both  curves,  it  can  be  seen  that 
the  premaintenance  time  for  high  marker  number  concrete  was  shorter.  If  a 
strength  of  35  kg /era2  is  used  as  an  index  of  judgment,  damage  by  feering  to 
Mo.  400  concrete  can  be  prevented  by  maintaining  it  -10*  C for  3 days, 
whereas  a period  of  5 days  is  required  for  No.  200  concrete. 

From  this  it  can  be  ascertained  that  the  prenaintenanee  period  at  -10*  C 
for  cold  concrete  should  be  controlled  on  the  basis  of  the  critical  strength 
and  that  it  is  directly  related  to  the  marker  number  of  the  concrete,  the 
water-aeh  ratio  and  the  negative  temperature  of  early-phase  maintenance. 

The  representative  characteristics  of  concrete  after  early-phase 
freezing  are  as  follows.  The  strength  of  the  concrete  is  very  low  end  its 
strength  when  it  is  once  again  subjected  to  maintenance  at  normal  temperature 
cannot  reach  the  design  marker  numer.  when  the  degree  of  freezing  differs, 
loss  of  strength  also  differs.  If  the  concrete  is  frozen  immediately  after 
pouring,  loss  of  strength  is  about  50%.  If  it  is  maintained  at  normal 
temperature  for  less  than  12  hours  before  freezing,  then  loss  of  strength  is 
about  16%.  if  it  is  maintained  at  normal  temperature  for  more  than  24  houts 
toton  freezing,  then  there  is  basically  no  loss  of  strength.  The  strength 
of  the  bond  between  the  concrete  and  the  steel  bars  is  weakened.  Idle 
capacity  of  the  concrete  for  resisting  infiltration  may  be  deficient.  The 
capacity  of  the  concrete  to  resist  freezing  is  decreased.  For  these  reasons, 
concrete  poured  during  winter  should  under  no  circumstances  be  subjected  to 
freezing. 


(?)  number:  200# 

Compounding  ratio 

0.6  : 1 : 1.22  : 


Blank 


ij  (months) 

l aging 

'period 


•*4  :3  (days)  i 

Maintained  at  ne< 
tive  temperature 


.'Maintained  at  -10#  C for  3 days  and  at  -20°  C for  3 days: 
maintained  at  -10*  C for  23  days,  then  maintained  at  positive 
temperature  for  3 months 


Maintained  at  -10®  C for  7 days  and  at  -20®  C for  3 day3; 

maintained  at  -10®  C for  21  days,  then  maintained  at  positive 

temperature  for  3 months 

Maintained  at  -10®  C for  14  days  and  at  -20®  C for  3 days? 

maintained  at  -10®  C for  14  days,  then  maintained  at  positive 

temoerature  for  3 months 
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Figure  5.  Strongth  of  400#  Cold  Concrete  in  Resisting  Damage  by  Freezing 

a)  Maintained  at  -10#  C for  3 days  and  at  -20*  C for  3 days? 

maintained  at  -10*  C for  23  days,  then  maintained  at  positive 

temperature  for  3 months 

b)  Maintained  at  -10*  C for  7 days  and  at  -20*  C for  3 days; 

maintained  at  -10*  C for  21  days,  then  maintained  at  positive 

temperature  for  3 months 

c)  Maintained  at  -10°  C for  14  days  and  at  -20*  C for  3 da vs ; 

maintained  at  -10*  C for  14  days,  then  maintained  at  positive 

temperature  for  3 months 


The  following  methods  ware  used  for  the  purpose  of  discriminating 
sarly-stage  freezing  of  concrete: 

1.  An  iron  hamer  is  used  to  strifes  the  structure.  If  the  sound  is 
muted  and  if  an  empty  sound  occurs,  this  indicates  that  the  structure  is 
brittle  and  loose.  If  concrete  that  is  not  frozen  is  struck  with  a stone, 
the  sound  is  clear  and  crisp,  indicating  that  the  structure  is  dense. 

2.  An  iron  hammer  is  used  to  strike  the  anqlas  of  the  structure. 

If  large  pieces  fall  off,  the  concrete  mixture  is  brittle  and  loose  and 
the  skeletal  material  is  of  poor  adhesiveness.  T*  large  portions  of  the 
skeletal  material  and  the  concrete  mixture  become  separated  from  each  other, 
the  vertical  matter  can  be  pulverized  with  the  hands.  Concrete  that  has 
not  frozen  is  hard  and  the  concrete  mixture  and  the  skeletal  material  are 
closely  bound  to  aach  other.  'Then  It  is  struck,  the  skeletal  material  can 
be  pulverized. 

3.  When  pieces  of  concrete  that  have  been  knocked  off  are  examined, 
water-line  traces  can  be  found  at  the  points  where  the  concrete  mixture  and 
the  skeletal  material  were  joined.  This  is  because  a type  of  ice  film  is 
formed  on  the  surface  of  the  skeletal  material  when  concrete  is  poured 
during  winter,  the  traces  being  left  after  the  ice  has  meltsd.  This 
phenomenon  does  not  occur  in  concrete  that  has  not  been  frozen.  This  is 

a major  indicator  of  whether  or  not  freezing  has  occurred. 

4.  When  the  strength  of  the  structure  is  measured  with  a 
resiolometer,  a very  low  resilience  value  indicates  very  low  strength. 

5.  Concrete  that  has  been  frozen  has  a dark  color  that  gives  a 
person  a melancholy  feeling.  Concrete  that  has  not  been  frozen  has  a 
deep  gray  color. 

6 .  Properties  of  Cold  Concrete 

In  order  to  facilitate  the  application  and  wider  use  of  cold  concrete, 
we  made  initial  determinations  of  its  mechanical  properties  and  its 
durability.  The  concrete  was  subjected  to  artificial  mixing  and  shake 
formation  under  positive  temperature  conditions,  after  which  some  of  it  was 
placed  in  a freezing  chamber  at  -10*  C and  maintained  there  for  3 months. 
Following  that,  it  was  transferred  to  positive  temperature  and  subjected 
to  standard  maintenance  for  1 month.  The  other  portion  was  used  in 
comparative  tests  in  which  it  was  subj acted  to  standard  maintenance  for 
4 months  in  a standard  maintenance  environment  together  with  ordinary 
concrete  test  samples. 
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Among  the  mechanical  tests,  we  used  cubic  test  samples  o*  10  x 10  x 
10  cm  for  determining  compression  strength,  vith  compression  strength  of  the 
10  x 10  x 10  cm  test  samples  being  determined  by  the  side  splitting  method. 
Ch.e  modulus  of  compression  elasticity  was  found  for  10  x 10  x 10  cm  test 
-amples  using  a Martens  mirror  type  expansion  meter  to  determine  deformation 
values  of  0.4  grade  axial  compression  strength.  The  bond  strength  of  the 
steel  bar3  was  determined  by  extraction  of  $ 16  circular  steel  embedded  in 
10  x 10  x 20  cm  cuboid  samples.  Tests  of  resistance  to  infiltration  were 
conducted  with  $ 15  x 15  cm  cylinders  using  an  osmometer. 

Among  the  durability  tests,  the  resistance  to  freezing  tests  were 
conducted  by  the  slow  alternation  test  method  in  which  10  x 10  x 10  cm 
test  samples  were  air-frozen  in  a freezing  chamber  at  -20°  C for  4 hours 
and  then  melted  for  4 hours  in  water  at  +15®  C,  with  determinations  being 
made  of  loss  of  strength  and  change  in  external  appearance  for  differing 
numbers  of  freezing  and  melting  cycles.  Carbonization  and  alternating 
dry-wet  tests  were  conducted  using  4 x 4 x 16  test  samples  made  of  a 
cement-concrete  mixture.  After  artificial  miring  an<*  shake  formation, 
some  erf  the  test  sample  was  placed  in  a freezing  chamber  at  -10®  C for  6 
months,  while  another  portion  together  with  a blank  concrete  mixture  test 
sample  were  kept  under  conditions  of  standard  maintenance  for  6 months, 
after  which  comparisons  were  made.  The  carbonization  tests  were  carried 
out  in  sealed  condainers  having  a COj  concentration  of  about  70%,  with 
carbonization  strengths  and  carbonization  coefficients  being  determined  for 
various  periods  of  cold.  In  the  alternating  dry-wet  tests,  the  test  samples 
were  dried  at  100®  C for  4 hours  and  then  immersed  in  water  and  saturated 
for  4 hours,  a procedure  that  was  repeated  30  times.  Determinations  were 
made  of  strength  and  softening  coefficients.  The  results  of  the  tests  are 
shown  in  Table  20,  '21  and  22. 

The  following  points  could  be  ascertained  from  the  tests. 

1.  Except  for  the  ®act  that  findings  for  the  modulus  of  elasticity 
and  resistance  to  infiltration  tended  to  be  low,  the  indices  for  the 
mechanical  properties  of  cold  concrete  were  close  to  those  for  ordinary 
concrete . 

2.  Cold  concrete  that  was  maintained  in  a positive  temperature 
environment  had  comparatively  good  mechanical  properties.  This  was  because 
cf  great  increases  in  structural  density,  bond  strength  of  the  3teel  bars 
and  resistance  to  infiltration.  Its  superior  resistance  to  Infiltration 
has  opened  up  new  possibilities  for  breakwater  concrete. 

3.  Cold  concrete  exhibited  good  resistance  to  freezing  and  good 
durability. 

4.  The  carbonization  tests  indicated  that  the  carbonization  coefficient 
of  cold  concrete  tends  to  increase  gradually  as  the  carbonization  cold  period 
is  prolonged. 

5.  Alternating  dryness  and  dampness  did  not  have  delsterioua  sf facts  on 
cold  concrete. 
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able  21.  Freezing  Resistance  Properties  of  Cold  Concrete 
(Xey  on  following  page) 


Tay  to  Table  21: 
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sm  strip  - some  stripping 
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vy  sit  • very  slight 


7. 


The  Problem  of  Ousting  and  Corrosion  of  St.ee  1 Bars  in  Cold  Concrete 


(1)  The  rust-preventing  action  of  ?TaNO*) 

KaN02  in  the  concrete  medium  (pH  «■  10-13)  serves  as  an  anodic  ruat- 
preventino  agent,  it  prevents  rusting  by  reducing  the  anode  area  that  is 
readily  subject  to  rusting  and  corrosion.  When  an  insufficient  quantity  is 
added  or  when  the  pH  of  the  medium  is  changed,  anodic  processes  will  still 
be  Inhibited,  but,  at  the  same  time,  activation  of  cathodic  processes  will 
be  stimulated,  with  the  result  that  local  rusting  and  corrosion  will  be 
induced.  This  type  of  rusting  and  corrosion  is  much  more  dangerous  than 
homogeneous  rusting  and  corrosion.  Therefore,  when  NallO-  is  used  as  a 
rust-preventing  agent,  the  critical  concentrations  in  different  media  must 
be  carefully  determined  in  order  to  avoid  inducing  cathodic  activation  and 
the  consequent  local  rusting  and  corrosion  due  to  addition  of  insufficient 
quantities  or  unnecessary  waste  due  to  addition  of  excess  amounts. 

The  electrochemical  quick  method  and  the  quick  alternate  drying  and 
wetting  method  were  used  in  the  tests  and  the  test  specimens  were  compared. 

1.  Electrochemical  quick  method 

In  these  tests  we  used  a 1 : 3 cement-concrete  mixture  and  a water- 
ash  ratio  of  0*35.  The  cement  used  was  Ho.  500  silicate  cement  produced 
in  Harbin.  For  the  steel  bars , we  used  Ho.  3 machining  steel  of  specification 
$ 6 and  of  a length  of  130  ran.  The  dimensions  of  the  test  sas^les  were 
4 x 8 x 16  cm.  After  the  test  samples  were  formed  and  molded,  they  were 
kept  in  steam  for  14  hours,  after  which  they  were  kept  Indoors  and 
maintained  under  natural  conditions  for  40  days.  At  the  time  of  determination, 
the  steel  bars  were  subjected  to  polarization  at  differing  current  density 
levels.  After  a stable  state  had  been  maintained  for  10  minutes,  the 
polarization  potentials  corresponding  to  each  current  density  level  were 
determined.  The  results  are  shown  in  Table  23  and  Figure  6. 

The  following  points  should  be  evident  from  Table  23  and  the  polarization 
curves  in  figure  6. 

(1)  In  blank  test  samples  containing  no  additive,  the  anodic 
polarization  potential  shifted  very  rapidly  in  the  positive  direction, 
deoxidation  potential  was  reached, and  the  steel  bars  were  in  an  inactive 
state  so  that  rusting  and  corrosion  could  not  be  induced. 

(2)  In  test  samples  containing  2%  NaCl,  anodic  polarization  was  slow 
as  indicated  by  the  smoothness  of  the  polarization  curve,  with  a stats  of 
activation  being  presented.  Thus,  it  can  be  seen  that  NaCl  is  an  agent  that 
accelerates  rusting  and  corrosion  so  that  the  presence  of  NaCl  can  stimulate 
the  occurrence  of  rusting  and  corrosion  in  concrete. 
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Additive 

Elec- 

trode 

Polarization  potential 

(mV) 
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V, 

V. 

v,. 

V,, 
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NaCl  2 % 
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[ —290 
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vated 

Note:  Average  values  for  test  samples  of  2 groups  were  used  above . 


j anode 

—415  i 

i ' +580 

+ 620 

+ 713 

Not 

acti- 

vated 

NaiSO,  3% 

jcath- 

jode 

—475 

—896 

—1187 

—1316 

Table  23.  Na,SO^,  NaNO,  and  NaCl  Polarization  Potentials 


(3)  When  the  amount  of  NaCl  added  was  2%  by  weight  of  the  cement 
anl  when  differing  amounts  of  NaNO^  were  added  as  a rust-preventing  agent, 
there  were  marked  decreases  in  the  extent  of  rusting  and  corrosion  of  the 
3toel  bars  as  the  amount  of  NaNO-  added  was  increased.  When  the  NaNO- 
content  was  4.4%  (by  weight  of  tne  cement),  no  rustino  or  corrosion  whatsoever 
of  the  steel  bars  occurred.  When  the  MaNO^  content  was  further  increased, 
the  effects  'were  basically  similar  to  those  when  4.4%  was  used. 
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2.  '’'uick  alternate  drying  and  wetting  method 

The  test  samples  were  formed  in  the  same  way  as  for  the  electrochemical 
method,  after  which  they  were  subjected  to  standard  maintenance  for  7 to  10 
days.  'They  were  then  kept  in  steam  at  100#  C for  4 hours,  dried  at  105- 
110*  Z for  3 hours  and  then  set  aside  indoors  for  17  hours.  TTie  foregoing 
procedure  constituted  one  cycle.  This  procedure  was  repeated  30  times.  After 
each  10th  cycle,  one  hatch  of  test  samples  was  broken  ooen  and  direct 
observations  were  made  of  the  condition  of  the  steel  bars.  The  results  of 


the  tests  are  shown  in  Table  24. 


Key  to  Table  2) : 


a)  Slight  rust  and  corrosion  spots 
In  1 to  2 placas 

b)  Savara  rust  and  corrosion  spots 
axtending  ovar  antira  strip 

e)  Slight  rust  spots  in  1 to  2 

placas 

d)  N’o  rusting;  ona-layar  of  silvar-whita 
filo  on  surface  of  steal  bar 

a)  Numbs r of  rustad  and  corroded  bus 

f)  % by  weight  off  rust  and  corrosion 
to  total  weight 

g)  % of  area  of  rust  and  corrosion 
to  total  area 

h)  Rust  spots  on  surface  of  steel  bars 

i)  Slight  punctate  rust  spots  of  surface 
of  steal  bars 

j)  Savers  and  deep  rusting  and  corrosion 

of  the  steel  bars 

k)  Severe  rust  spots  on  ends 

l)  Slight  rust  spots  on  ends 


Corrosion  rate  [illegible] 


Number  of  alternating  cycles 


rigure  7.  Relationship  Between  Corrosion  Rate  and  Number  of 

Alternating  Cycles  [Note:  Text  of  figure  is  poorly 
legible. ] 


The  following  points  can  be  ascertained  fron  Table  24  and  figure  7. 


(1)  The  steel  bars  in  blank  test  samples  not  containing  additive  had 

. '■  'gone  slight  rusting  and  corrosion  by  the  10th  drting  and  wetting  cycle. 
■ * --ne  number  of  cycles  increased,  rusting  and  corrosion  became  more  severe, 
wit’  distinct  rust  snots  appearing  on  the  ends  after  the  30th  cycle. 

(2)  Oistinct  rusting  and  cocrosion  were  foun^  in  test  samples  to  which 
"JaCl  had  been  added  after  the  10th  cycle.  Moreover,  as  the  number  of 

cycles  increased,  the  area  and  quantity  of  rusting  and  corrosion  was 
markedly  increased. 

(3)  Sodium  nitrite  had  a distinct  rust-preventing  effect.  The 
addition  of  2.2%  of  'TaNO,  to  test  samples  containing  2%  of  HaCl  had  an 


intense  inhibiting  effect  on  the  occurrence  and  expansion  of  rusting  and 
corrosion  of  steel  bars,  with  only  very  slight  rust  spots  being  found 
on  the  ends  after  the  10th  cycle.  Moreover,  the  increase  in  the  corrosion 
rate  was  slowed  as  the  number  of  cycles  increased.  As  the  amount  of  NaN02 
added  was  increased,  the  corrosion  rate  gradually  decreased.  When  the 
NaN02  content  was  4.4*  by  weight  of  the  cement,  no  rusting  or  corrosion 
appeared  by  the  20th  cycle  and  only  very  slight  rusting  and  corrsion 
appeared  by  the  30th  cycle,  findings  distinctly  better  than  those  for  the 
blank  test  samples.  When  the  NaN02  content  was  5.5%  and  7.2%,  the  results 
at  the  30th  cycle  were  essentially  similar  to  those  when  content  was  4.4%. 

From  the  preceding,  the  following  points  can  readily  be  seen.  The 
fact  that  similar  results  were  obtained  by  the  electrochemical  method  and 
the  alternate  drying  aind  wetting  method  gives  us  a much  clearer  under- 
standing of  MaWCb  as  a rust  preventing  agent.  While  severe  mstino  and 
corrosion  of  steel  bars  in  concrete  mixtures  or  concrete  containing  2%  of 
HaCI,  occurrence  and  expansion  of  rusting  and  corrosion  of  steel  bars  can 
basically  be  prevented  merely  by  adding  2.2%  of  WaN02  by  weight  of  the 
cement.  When  the  >JaN02  content  reaches  4.4%,  there  was  essentially  no 
occurrence  of  misting  and  coerosion  of  the  steel  bars,  with  the  condition 
of  the  steel  bars  being  supperior  to  that  of  the  blank  test  samples. 

"urther  increase  of  content  did  not  have  evident  effects. 

(2)  The  affects  of  3%  ?Ta?SO.<  on  rusting  and  corrosion  of  steel  bars 

Although  Ma,S04  is  ’used  as  an  additive  to  accelerate  hydration  reactions 
in  cement,  it  may  have  deleterious  effects  on  the  steel  bars.  For  this 
reason,  we  conducted  tests  of  sodium  sulfate  by  the  electrochemical  quick 
method.  The  materials  and  procesees  used  in  the  tests  were  the  same  as 
indicated  previously.  The  results  of  the  tests  are  shown  in  Table  23  and 
figure  3.  From  Table  23  and  from  the  anodic  and  cathodic  polarization 
curves  it  can  be  seen  that  the  addition  of  3%  of  :ia,SO^  to  the  cement  did 
not  have  any  deleterious  effects  on  the  steel  bars, 'with  the  steel  bars 
remaining  in  an  inactive  state.  However,  anodic  processes  were  somewhat 
accelerated  as  compared  to  the  blank  test  saxqples. 
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* 

■ 

( 3)  Effects  of  »a!T0->-f!a?S04  combined  additive  on  rusting  and  corrosion 
of  steel  bars  in  concrete 

. 

The  electrochemical  quick  method  and  the  quick  alternate  drying  and 
vetting  method  were  used  in  the  tests.  Two  types  of  steel  bars  were  used  in 
the  tests,  one  of  which  was  ordinary  A3  low  carbon  steel  and  the  other  was 
prestressed  low  carbon  cold  drawn  steel  wire. 

1.  Table  25  and  Figures  9 and  10  show  the  results  of  tests  using  the 
electrochemical  quick  method. 

As  can  be  seen  from  Table  25  and  Piqure  9,  the  sodium  nitrite  - sodium 
sulfate  combined  additive  did  not  have  any  deleterious  effects  on  the  steel 
bc.rs  in  the  concrete  when  ordinary  A3  low  carbon  steel  was  used.  The  results 
o-:  the  electrochemical  tests  indicated  a state  of  inactivation.  Whan  the 
current  density  was  greater  than  10  uA/cn2,  this  type  of  combined  additive 
caused  the  polarization  potential  of  the  steel  bars  on  the  anodic  polarization 
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Table  25.  VafJO.,  *•  NajSO^  Combined  Additive  Polarization  Potentials 


a) 

"Vne  of  steel  bar 

e) 

Anode 

b) 

Surface  state 

f) 

Cathode 

c) 

Electrode 

g) 

Cold  drawn  steel  wire 

d> 

Machined 

curve  to  be  somewhat  higher  than  the  polarization  potentials  of  the  blank 
ta3t  samples.  This  indicates  that  the  extent  to  which  iron  atoms  on  the 
surface  of  the  3teel  bar  enter  the  electrolytic  solution  in  the  form  of 
iron  ions  is  relatively  somewhat  leas.  That  is  to  day,  steel  bars  in 
concrete  containing  the  combined  additive  develop  rusting  and  corrosion 
less  readily  and  are  more  stable  than  steel  bars  in  concrete  not  containing 
combined  additive . 

r'rom  Table  25  and  rigure  10,  it  can  be  seen  that  the  sodium  nitrite  - 
sodium  sulfate  combined  additive  had  even  better  inactivating  effects  on 
low  carbon  cold  drawn  steel  wire,, with  the  degree  of  anodic  polarization 
of  the  steel  bars  exceeding  that  of  the  blank  test  samples.  Therefore, 
the  sodium  nitrite  - sodium  sulfate  combined  additive  not  only  does  not 
have  any  harmful  affects  on  cold  drawn  steel  wire  but  it  also  has  a 
protective  effect  on  it. 


2.  The  results  of  the  tests  using  the  quick  alternate  drying  and 
wetting  method  are  shown  in  Table  24.  The  test  methods  and  procedures  were 
ths  same  as  described  previously.  As  can  be  seen  from  Table  24,  the  NaN02  - 
combined  additive  also  functioned  as  an  inactivating  agent  on  the 
steel  bars,  after.  30  drying-wetting  cycles,  no  rusting  or  corrosion  of  the 
steel  bars  had  occurred,  whereas  rusting  and  corrosion  had  occurred  after  30 
cycles  in  steel  bars  when  the  chemical  additive  was  not  used.  Severe  and 
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Figure  “3.  Polarization  Curves  for 
Ordinary  ,a3  Steel  Bars 


Figure  10.  Polarisation  Curves  for 
Cold  Drawn  Steel  3ars 


deep  rusting  and  corrsion  occurred  after  30  cycles  in  test  samples  containing 
2S  CaCl2  and  2%  NaCl. 

3.  Long-term  observation  method 

Ordinary  .A~  low  carbon  $ 8 steel  of  6 cm  in  length  was  used  in  the 
tafsts.  The  steel  was  machined  and  degreased.  Two  steel  bars  were  embedded 
in  concrete  parallel  to  and  at  a distance  of  3 cm  from  each  other  and  with  a 
protective  layer  of  3 to  1 cm.  The  dimensions  of  the  test  samples  were 
13  :<  10  x 10  cm.  The  concrete  was  Ho.  400  with  a compounding  ratio  o* 

0.15  •.  1 : 1.205  : 3.12.  The  additive  content  was  6A  HaMOj  + 3%  *Ta2S0,j  + 
o.33*i  H(C2M/jOH)  3.  After  the  test  samples  were  formed  and  molded,  they  were 
subjected  to  standard  maintenance  for  28  days  and  then  transferred  to 
maintenance  under  natural  conditions.  The  teat  samples  were  broken  open 
and  observed  at  various  times  and  comparisons  were  made  with  blank  test 
sr.mples . 


The  results  of  the  tests  are  shown  in  Table  26. 
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% by  weight  of  additive  in  cement 


Maintenance  under  natural 
conditions 


6 months 

1 year  and 

6 months 

31ank  test  samples 

Wo  rusting 

Wo  rusting 

MaM02  6%  + Ma2S04  3%  + triethanolamine 
0.03% 

Wo  rusting 

rio  rusting 

Table  26.  Te«ts  by  the  Long-Term  Observation  Method 


In  summary,  similar  results  were  obtained  by  means  of  the  three  test 
mehhods . T*>.e  MaN02  - Wa2504  combined  additive  did  not  have  any 

deleterious  effects  on  the  steel  bars  and  also  had  a definite  protective 
action  on  steel  bars  in  concrete. 


i 


3.  Conclusions 

1.  Ma»!02  is  an  antifreeze  agent  for  cold  concrete.  At  -10*  C,  it 
can  prevent  freezing  of  concrete  when  it  is  added  in  amount  of  13. 3%  of 
the  water  content.  At  the  same  time,  NaNO,  has  good  plasticizing  effects 
and  good  effects  in  slowing  condensation  of  cement.  Addition  of  NaN02  in 
an  amount  of  13. 3%  of  the  water  content  can  allow  a decrease  of  about  10% 
in  the  water  content  and  results  in  the  fluidity  of  the  concrete  remaining 
unchanged  for  up  to  4 hours. 

2.  ::a2S04  is  a very  good  positive  temperature  early  strengthening 
agent.  When  it  is  combined  with  MaM00  at  -10*  C in  an  amount  of  3%  by 
weight  of  the  cement,  it  still  exhibits  a distinct  action,  in  stimulating 
hardening.  When  the  concrete  is  transferred  from  -10 • C to  positive 
temperature , the  strength  of  the  concrete  continues  to  increase. 

3.  When  ’! (CjK^O’t)  ■>  is  used  in  an  amount  of  0.03%  by  weight  of  the 

ce  nent  and  combined  with  NaW02  and  Wa2S04,  it  can  increase  the  early-nhase 
strength  of  the  concrete  by  about  5%.  When  the  samples  are  transferred  to 
positive  temperature,  the  affects  are  similar  as  with  *7a2304. 

4.  with  an  additive  composed  of  »TaN02  in  an  amount  of  13.3%  the 
water  content  of  the  concrete,  Ha2S04  in  an  amount  of  3%  the  cement  content 
and  S(C2H4OH>3  in  an  amount  of  0.03%  of  the  cement  content,  the  concrete 
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does  not  undergo  damage  from  freezing  at  -10*  C and  its  strength  increases , 
tore  slowly  in  the  early  stages  and  nore  rapidly  in  the  later  stages.  When 
it  is  kept  for  long  periods  at  negative  temperatures,  its  strength  still 
increases.  At  23  days,  over  60%  of  the  design  strength  can  be  attained. 

When  it  is  kept  at  -10#  C for  3 months,  80  to  over  30%  of  the  design  strength 
can  be  attained,  with  loss  of  strength  in  the  later  stages  not  exceeding  10%. 

If  this  type  of  additive  is  used  under  positive  temperature  conditions 
(+10  to  +15*  C) , it  results  in  an  early  strengthening  effect,  good  concrete 
density,  resistance  to  infiltration  of  up  to  28-30  kg/cm2,  strength  in  the 
later  stages  5 to  3.0%  greater  them  that  of  ordinary  concrete  and  physical 
properties  superior  to  those  of  ordinary  concrete. 

5.  The  water-ash  ratio  has  extremely  great  effects  on  cold  concrete, 
with  an  increase  or  decrease  in  the  water-ash  ratio  of  0.0S  resulting  in 
an  increase  or  decrease  in  strength  of  30  to  10%.  Therefore,  when  cold 
concrete  is  being  used,  the  water-ash  ratio  must  be  rigidly  controlled,  with 
as  low  as  possible  a water-ash  ratio  being  used  to  allow  fluidity  for 
construction . 

6.  When  this  type  of  concrete  is  maintained  at  -10*  C for  7 to  9 days, 
it  is  possible  for  it  to  acquire  strength  in  resisting  freezing  at  even 
lower  temperatures.  The  critical  strength  value  at  this  time  is  35  kg/cm2. 

’’he  strength  in  resisting  damage  by  freezing  that  is  acquired  at  -10*  C 

is  related  to  the  premaintenance  period,  the  water-ash  ratio  and  the  cement 
content  but  is  not  related  to  freezing  time. 

7.  Because  of  the  rust-preventing  action  of  MaM02.-  the  cold  concrete 
t-  additives  do  not  have  any  rusting  or  corroding  effects”on  the  steel  bare. 

9.  Except,  for  decreases  in  the  modulus  of  elasticity  and  in  resistance 
to  infiltration,  the  physical  and  mechanical  properties  of  cold  concrete  do 
not  differ  from  those  of  ordinary  concrete. 

9.  The  early-phase  strength  of  cold  concrete  increases  slowly.  However, 
cot .preshensive  measures  such  as  hot  mixing,  regenerative  heat  maintenance  or 
pa ;sing  through  of  small  amounts  of  steam  can  be  taken  to  raise  early 
strength  and  enlarge  the  ranges  of  its  use. 

10.  The  fact3  that  cold  concrete  is  convenient  to  'rork  with,  that  the 
( I’Titives  can  be  obtained  easily  and  that  the  costs  are  comparatively  low 

:na?'.e  this  a method  that  is  well  w°tth  adopting  and  using  widely  in  carrying 
on-  construction  during  winter. 

11.  There  is  a problem  in  respect  to  the  construction  specifications  for 
the  additive  ’la-, 30,  (OBJlO-65)  in  which  it  i3  specified  that  the  sulfate 
content  of  the  mixing  water  should  not  exceed  1%  as  calculated  on  the  basis 

of  the  S04.  In  our  long-term  observations  of  test  samples  with  a high  content 
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of  3%,  we  did  not  find  any  damage  to  concrete  except  in  cases  in  which  the 
skeletal  material  exhibits  alkaline  activity.  Many  units  have  conducted 
research  on  this  topic.  The  Manjing  Chemical  Engineering  College  has  found 
that  the  addition  of  Ma2S04  to  water  increases  its  alkalinity,  for  this 
reason,  the  use  of  alkaline  skeletal  materials  of  mineral  skeletal  materials 
with  similar  activity  can  certainly  increase  the  severity  of  damage  involving 
swelling  of  the  skeletal  materials.  TTe  must  await  much  further  testing  and 
research  in  order  to  achieve  a fuller  understanding  of  this  problem. 

There  are  a number  of  other  problems  associated  with  cold  concrete 
that  must  he  solved  by  further  research  and  practice  in  the  future.  These 
problems  include  the  range  of  its  uses,  the  separating  out  of  salt3,  the 
technical  parameters  in  smooth  mold  construction,  the  adaptability  of 
combined  additives  to  various  types  of  cement,  the  electric  conductivity  of 
cold  concrete,  resistance  to  corrosion  and  the  nechanisra  of  hardening. 


9.  Addendum;  Essential  Points  Concerning  Cold  Concrete  Construction 

(Discussion  Draft) 

(1)  General  principles 

1.  Definitions  and  explanations 

Cold  concrete  is  prepared  using  a 13.3%  NaNO,  solution  in  respect  to 
the  water  content  of  the  concrete  and  has  a specific  gravity  of  1.08.  A 
concrete  additive  consisting  of  3%  77a2S04  and  0.03%  M(C2H4OH)3  in  respect 
to  the  water  content  of  the  cement  can  be  used  in  concrete  for  winter 
construction  and  in  reinforced  concrete  construction.  At  -10*  C,  28-day 
strength  reaches  about  <50%  of  design  strength.  T7hen  it  is  transferred  to 
positive  temperatures  (+10  to  +15*  C)  after  3 months  and  maintained  at  such 
temperatures  for  1 month,  it  reaches  over  90%  of  the  design  strength.  In 
construction  under  conditions  of  severe  cold  (-20  to  -30*  C) , comprehensive 
measures  must  be  taken  to  maintain  warmth  to  assure  that  the  temperature  of 
the  concrete  itself  does  not  fall  below  -10*  C.  Premaintenance  for  7 to  9 
da'-s  can  prevent  damage  by  freezing. 

2 . Materials 

(1)  Cement;  Ordinary  silicate  cement  with  a cement  marker  number 
not  lower  than  Mo.  400  should  be  used. 

(*’)  Course  skeletal  material:  Should  satisfy  the  requirements  of 
OBJlO-55  (revised  version)  and  should  not  contain  frozen  matter 
or  ice  needles. 

(3)  The  'JaN02,  Ma2S04  and  N(C2H4OH)3  should  meet  standard 
specifications. 
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(2)  Design  off  concrete  compounding  ratios  and  preparation  of  solutions 


(1)  The  concrete  marker  number  should  not  be  lower  than  No.  200,  the 
cement  content  of  each  cubic  meter  of  concrete  should  not  be  lower  than 
250  kg,  the  water-asj  eatio  should  be  controlled  to  within  0.6  and  the 
degree  of  collapse  should  be  less  them  3 cn. 

(2)  Table  27  shows  the  NaN02  content  appropriate  for  various  differing 
air  temperatures. 


Minimum  air  temperature 
when  concrete  is  poured 

-3*  C 

-5*  C 

-8*  C 

-10*  c 

Per  water  content  (') 

3-3 

6*6 

10 

13 

Per  cement  content  (%) 

2 

4 

6 

8 

Table  27.  Reference  Table  for  NaM02  Content 


(3)  The  NaNO-,  and  the  triethanolamine  should  be  prepared  in  advance  as 
solutions  for  use.  Anvdrous  sodium  sulfate  with  the  appearance  of  powdery 
crystals  should  be  used.  It  can  be  passed  through  a sieve  to  remove  largo 
particles  and  then  it  can  be  introduced  in  the  specified  quantity  directly 
into  the  mixer  and  be  mixed  with  the  sand  and  cement.  When  crystalline 
sodium  sulfate  is  used,  it  should  be  reduced  to  anhydrous  sodium  sulfate. 

It  should  first  be  preparod  as  an  aqueous  solution  on  the  basis  of  the 
required  concentration.  After  the  crystalline  sodium  sulfate  has  dissolved, 
the  >!ari02  and  triethanolamine  can  then  be  added.  A*ter  they  have  been 
completely  dissolved  by  stirring,  they  can  be  used  in  nixing  the  concrete, 
"ho  solution  should  be  prepared  by  a specially  assigned  person  and  the 
accuracy  of  the  concentration  should  be  confirmed. 

(1)  The  temperature  of  the  solution  o * additives  should  not  be  lower 
than  40  to  50*  C. 

( 3)  Mixing  of  the  concrete 

(1)  The  quantity  of  solution  introduced  when  the  cement  is  being  mixed 
3hould  be  rigorously  controlled. to  assure  that  the  degree  of  collapse  of  the 
mixture  will  be  2 to  3 cm. 

(2)  The  temperature  of  the  mixture  when  it  cones  out  of  the  tank  should 
r.ot  be  lower  than  +10*  C.  Otherwise,  the  temperature  of  the  solution  can  be 
raised  to  70  to  90*  C or  the  sandstone  can  be  heated. 
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( »)  Pouring  an.  maintenance  of  the  concrete 


(1)  Before  pouring,  the  ice  and  3now  should  first  be  renoved  from 
the  molds  and  the  steel  bars. 

(2)  The  teraoerature  of  the  concrete  should  not  fall  below  -10*  1 
within  the  7 to  3 day  period  following  pouring. 

(3)  When  concrete  is  poured  in  air  temperatures  below  -'O*  T, 
conpreshensive  measures  for  maintaining  warmth  such  a3  hot  mixing,  regenera- 
tive heat  maintenance  or  passage  of  small  amounts  of  steam  in  order  to 
assure  that  the  temperature  of  the  concrete  will  be  in  the  vicinity  of 

-10*  C. 

(4)  In  the  case  of  structures  requiring  resistance  to  infiltration, 
the  temperatui.  t within  the  two  circumferences  after  the  pouring  of  the 
concrete  should  not  be  less  than  -2*  C. 

(5)  Testing  of  the  quality  of  cold  concrete 

(1)  Determine  the  concentration  and  temperature  of  the  additive  solution. 

(2)  Determine  the  temperature  of  the  mixture  when  it  comes  out  of  the 
tank  and  its  degree  of  collapse. 

(3)  After  the  concrete  is  poured,  its  temperature  should  be  determined 
once  every  two  hours  during  the  first  three  days  and  once  every  four  hours 
after  the  first  three  days.  The  temperature  should  be  determined  at  an. 
unfavorable  point  and  the  thermometer  should  be  le*t  in  the  determination 
hole  for  3 to  4 minutes. 

(4)  At  the  3ame,  determinations  should  be  made  of  the  tempo rat’ires  of 
the  air  in  the  surroundings  of  the  construction  and  of  the  temperature  of 
the  medium. 

,r>)  At  the  sane  time  that  the  concrete  is  being  noured,  formation  tests 
should  ’so  be  conducted  in  4 groups,  in  one  oe  these  groups,  early  stags 
strength  should  be  derermined.  In  the  second  rr roun,  23-day  strength  at 
negative  temperature  should  be  determined.  In  th*  third  group,  determination 
should  be  made  of  20-day  strength  at  positive  temperature  after  20  days  at 
negative  temperature.  In  the  fourth  group,  the  samples  should  be  subjected 
t r,  standard  maintenance  'or  the  purpose  of  comparative  tests. 
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